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INTRODUCTION
A bituminous mixture is essentially a three-phase system consisting of
bitumen, aggregate and air. In order for such a mixture to serve its purpose,
it is compacted to a certain degree during construction. During its life,
the mixture is subjected to further compaction due to the action of traffic.
This further densification of a bituminous mixture under traffic may
produce progressive deterioration of the pavement, either by reduction of
voids to the point where a plastic mixture results, or by producing ravelling.
In either case, degradation of the aggregate may play an important role.
Compaction is an energy-consuming process, which results from the
application of forces to the mixture. The mixture withstands these forces
in many ways, such as by interlock, by frictional resistance, and by viscous
or flow resistance. T/uhen the applied forces have a component in any direction
greater than the resistance of the mat, the material will move and shift
around until a more stable position is attained. This rearrangement of
the material, especially the aggregate phase, causes a closer packing of
particles, a new internal arrangement or structure, and a higher unit weight.
The energy required for the relocation or rearrangement of particles
is provided by contact pressure, and the particles while adjusting to their
new locations are subjected to forces which cause breakage and wear at the
points of contact. This phenomenon, called degradation, reduces the size
of particles and changes the gradation of aggregate which in turn causes
a reduction in void volume and an increase in density. Any change in the
gradation of the aggregate in a mix causes an associated change in basic
properties of the bituminous mixture, namely, stability and durability.
In some mixtures the change of gradation due to degradation of aggregate
causes the asphalt present in the voids to be pushed out and an unstable
It was the purpose of this investigation, then, to evaluate the
degradation characteristics of aggregates in bituminous mixtures and to
analyze the factors which are effective in c ausing this degradation.
In so doing, the following factors were investigated: (l) type of aggregate,
(2) gradation of aggregate, (3) aggregate shape, (4) aggregate size,
(5) asphalt content, and (6) compactive effort.
MATERIALS AiMD PROCEDURE
Three kinds of aggregates were used in this study, dolomite, limestone
and quartzite. Their selection was based on a relatively wide range of
Los Angeles values and on petrographic structure. Table 1 includes data
on origin, specific gravity, Los Angeles value, and compressive strength,
while Table 2 shows a summary of petrographic analysis results for the
materials used.
An 85-100 penetration grade asphalt cement was used in this study.
The results of tests *n the asphalt are presented in Table 3.
The three gradations selected for this investigation are shown in
Table 4. They ranged from an open grading, consisting only of the top four
sizes, to a Fuller gradation for well-graded material. The maximum size
of all three gradations was 5 in. Figure 1 shows these three aggregate
gradations graphically.
The aggregates used for each specimen were batched by component
fractions according to the blend formula. A batch consisted of 1000 grams.
The blended aggregates for specimens containing asphalt were heated to
275° * 10°F. The asphalt was heated separately to 290° - 300°F. The mixing
was accomplished using a Hobart electric mixer modified with a special aslxLng
paddle and a scraper. The mixing continued for two minutes. For those cases
in which the aggregate was tested without asphalt, the aggregate was not heated
or subjected to the mixing operation with the Hobart mixer.
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Due to the fact that this study was solely a laboratory investigation,
a fundamental part of it was the selection of testing equipment which
would produce specimens similar to the pavement with respect to density and
structure. Many methods of compaction have been devised and used to
simulate field compaction in the laboratory. Most of these methods are
based principally upon the concept of equal density. Equal density without
regard to orientation and degradation of particles cannot produce representative
specimens and unfortunately there is no way to measure the structure of
specimens quantitatively. The only way in which it seems possible to compare
the structure of the compacted materials is to compare the forces involved
in producing the laboratory specimen and the field mat. The methods that
incorporate horizontal forces and apply shear to the specimen throughout its
depth would seem to be the most suitable ones. Therefore, of all available
methods, gyratory compaction appeared to be the most promising one to produce
specimens similar to the field mat from the density and structure standpoint.
A gyratory testing machine of the design shown in Figure 2 was used
in this study. With this equipment it was possible to change the compactive
effort in two different ways, (1) change in magnitude of load, and (2) change
in repetition of load. The magnitude of load, controlled by vertical pressure,
was varied from 50 to 250 psi, and the repetition of load, controlled by
the number of gyrations, ranged from 30 to 250, for the most part, but in
some cases up to one thousand gyrations were used.
The mixtures were brought from the mixing temperature to 230°F and
were placed in the gyratory machine for compaction. Electric heating elements
around the mold were used to provide an elevated temperature throughout the
test. After each mix had been subjected to the gyrating action, an extraction
test was made on the whole specimen and the gradation of the extracted
aggregate was determined for comparison with the gradation before mixing and
compaction.
FIG. 2 GYRATORY TESTING MACHINE
In order to study the effect of shape of particles on degradation, it
was desirable that the rounded pieces not differ from the crushed ones in
their composition. Therefore, artifically rounded pieces were produced
by subjecting angular pieces to a few thousand revolutions in a Los
Angeles machine. See Figure 3.
To investigate how various sizes of aggregate degrade in an aggregation
of pieces of different sizes, the three top sizes were dyed different colors
so that after compaction and extraction of asphalt the newly-produced pieces
could be associated with the original piece by colored faces. For this
purpose the dyes had to be soluble in water, stay on the surface of the piece,
and not be soluble in asphalt or the trichloroethylene used in extraction.
The following dyes were found to have such characteristics: (l) Orseillin
BB Red, (2) Crystal Violet, (3) Malachite Green Oxalate.
RESULTS
Of the several methods available to represent the degradation characteris-
tics of aggregate, two were chosen for this study; one was a simple gradation
curve of percent smaller than certain sizes, and the other was based on surface-
area concepts. Using the surface area concept, measurements of the degradation
were made on the basis of surface-area increase as determined by sieve analysis.
The factors used for computing surface areas are given in Table 5 for an assumed
specific gravity of 2.65. These values were calculated on the assumption that
all material passing the No. 4 sieve was spherical and that retained was one-
third cubes and two-thirds parallelepipeds with sides of 1:2:4 proportions.
It was decided that numerical increase in surface-area, which is merely
the difference between the final surface area and the original surface area,
is not a satisfactory measure of aggregate degradation. For example, when a






















in surface area after compaction, and another mixture with 67.3 cm2/gr has
increased the same amount, we cannot consider that the two mixtures have under-
gone equal degradation. The first mixture has gained 100 percent in surface
area or, in other words, its final surface area is twice the original, while
the second mixture has increased only 3 percent in surface area. Therefore,
it was decided to express the data in percent increase in surface area rather
than increase in surface area. Another advantage of the percentage method
is the elimination of the necessity for correction of surface area values for
specific gravity.
The term degradation is used in this study to include all of the aggregate
breakdown due to mechanical action regardless of the type of mechanical action
causing it. Degradation can result from aggregate fracture or breakage through
the piece, from chipping or corner breakage, and from t he rubbing action of
one piece or particle against another. In parts of this study, attempts were
made to separate degradation into two parts, one due to fracture through the
piece and designated as breakage, and the other due to corner breakdown and
attrition which collectively has been designated as wear.
Degradation of One-sized Aggregate
Size of particles and maximum size of particles are cited in the literature
among the factors controlling degradation. In order to determine whether or
not change of size will change the degradation characteristics of an aggregate,
and in order to investigate the effect of combinations of pieces of different
sizes on degradation, specimens of one-sized aggregate were tested. The results
are presented in Table 6. This table includes the results of sieve analysis
together with percent increase in surface area for 12 specimens. Specimens
containing one thousand grams of one-sized aggregate of g" - 3/8", 3/8" - #3*
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#3 - #4 * and #4 - #6 of each of the three aggregates, dolomite, limestone and
quart zite, were compacted in the gyratory compactor under 200 psi ram pressure
and 100 revolutions.
Figure 4 shows the results of sieve analysis on specimens made of lime-
stone aggregate. These results show that regardless of size of aggregate, all
the curves appear to be approaching a parabolic shape. A plot of the data
in Table 6 for the other two aggregates would show that this statement can be
made with respect to type of aggregate as well. The results also indicate
that as original size of particles decreases there is a corresponding increase
in fine material, which might suggest that degradation increases as size of
the particle decreases. Figure 5 presents the percent increase in surface area
versus average size of original particles for the three kinds of aggregate.
This figure shows that as the size of one-sized aggregate increases, the
degradation under equal compactive effort (200 psi and 100 revolutions)
increases.
Therefore, at first glance it appears that the results of the two methods,
sieve analysis and percent increase in surface area, are in conflict. Clarifi-
cation lies in the fact that sieve analysis representation only indicates what
percent of material is of which size, without considering through what changes
this material has gone and what was its original condition. A piece of larger
size has to undergo more breakdown than a smaller particle to be reduced to a
certain size. Therefore, it can be seen that sieve analysis representation,
although it is an excellent means for studying the pattern of degradation,
by no means can be used as a measure of degradation and the concept of percent
increase in s urface area, obtained by relating the produced area to the
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Figure 5 also shows that degradation increases from quartzite to lime-
stone to dolomite, which follows the same pattern as indicated by the Los
Angeles rattler test. In other words, degradation of one-sized material
increases as the material becomes weaker and softer (higher Los Angeles
value )
.
Figure 6 shows the percent increase in surface area for different
original one-sized fractions versus Los Angeles values of the three kinds
of aggregate. This figure indicates that there is a linear relationship
between the Los Angeles values of the three kinds of aggregate used in this
study and the degradation of the one-sized aggregate when tested in the
gyratory compactor and measured in percent increase in surface area.
The effect of change of compactive effort on the degradation of one-
sized aggregate was studied by changing the number of revolutions of gyra-
tory compaction. Five specimens of each kind of aggregate having an original
size of 3/8" - No. 3 were compacted under 100 psi ram pressure and five
different numbers of revolutions in the gyratory machine. Table 7 gives
the results of sieve analysis and percent increase in surface area for each
specimen. Figure 7 shows the results of sieve analysis of dolomite aggregate
after compaction* These results also indicate that the general shape of
the gradation curve is not changed by a change in compactive effort; as
compactive effort increases the curve shifts upward. Figure 8 shows the
degradation versus number of revolutions. It can be seen that as compactive
effort increases the degradation also increases, but generally a significant
portion of the degradation occurs under the first few hundred revolutions
and then the curves start leveling off. The figure also indicates that as
the material becomes softer or weaker, the slope of the latter part of the
curves increases, which indicates that the degradation of such materials is. more
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Degradation of Individual Sizes in an Aggregation of Sizes
From the previous section it was found that degradation of one-sized
aggregates when illustrated by sieve analysis curves has a constant pattern
of a smooth curve approaching a parabolic one. It also was found that size
of aggregate, kind of aggregate, and degree of compaction have no influence
on the shape of the sieve analysis curve, while the magnitude of degradation
is a function of these variables. In addition it was found that; the larger
the size of particles, the greater the degradation; increase in compactive
effort increases degradation; and aggregates with high Los Angeles values
degrade more than those with low Los Angeles values.
Before making a detailed analysis of the effect of variables on degrada-
tion of different mixtures, it was necessary to investigate the changes which
might occur in degradation characteristics of each size of particle due to the
presence of other sizes in the specimen. For this purpose, a dyeing process
was utilized to determine the size fraction from which each particle was
produced when degradation occurred. Because it was found from studies on single-
sized aggregates that kind of aggregate only changes the magnitude of degradation
and has no effect on its pattern, it was decided to use only one kind of
aggregate for this part of the study. The limestone which had the intermediate
Los Angeles value and which could be satisfactorily dyed was used. Due to the
time-consuming process of separating the fractions of different colcrs by hand,
it was decided to dye only the top three sizes; namely l/2" - 3/8", 3/8"-#3,
and #3 - #4. If a difference in pattern of degradation due to the size was
noticed, then other sizes would have been dyed also. The materials were
separated only down to the #30 sieve. The factors which were considered as
variables in this part of the study were gradation of aggregate, compactive
effort, and presence or absence of asphalt.
18
The three gradations which are given in Table 3, gradings 0, B, and F,
were used in this part of the study. Twenty-four samples were used which
were of three gradations, without asphalt and with k percent asphalt, and were
tested under four different compactive efforts in the gyratory machine. The
results of sieve analysis of each fraction (colored for identification), along
with sieve analysis of the total specimen are presented in tabular form in
Tables 8, 9, 10, 11, 12 and 13.
Figure 9 shows the sieve analysis of each fraction of a specimen without
asphalt having an original open gradation and being subjected to 200 psi ram
pressure and 100 revolutions in the gyratory compactor. From left to right
the curves show the degradation of particles of original sizes of l/2"-3/8",
3/8" - #3> ff3 — #4, and ftU - ti&° These curves indicate that the degradation of
each fraction has a constant pattern of a smooth curve approaching a parabolic
one. Figures 10, 11, and 12 which show the sieve analysis of each fraction
for specimens with four percent asphalt and original gradings 0, B, and F, also
indicate that the pattern of degradation of each fraction is a constant.
From the results obtained with the aid of colored aggregate it can be seen
that, when particles of different sizes are mixed together and subjected to a
certain compactive effort, each size will break down into smaller particles whose
new gradation has a characteristic size distribution. The produced size distri-
bution follows a curve which is smooth and approaches a parabolic one similar
to the curves obtained for specimens made of one-sized aggregates tested separ-
ately. Therefore, this portion of the study indicated that degradation of one-
sized particles follows a definite pattern regardless of its size or the gradation
with which it is associated, magnitude of compactive effort, or presence of
asphalt. Also, from the first part of the study it was found that the degradation
pattern is independent of kind of aggregate. Hence
;




























































































pattern of degradation of each fraction is constant, then the combination
of particles of different sizes will have a pattern which depends only on
the blending ratios of these sizes rather than on type of aggregate or magni-
tude of compactive effort.
Thus, it can be stated that if pattern of degradation is a matter of
concern, which is the case in ore treatment and in mining and metallurgical
engineering, then this pattern can be predicted beforehand by knowing the
gradation of feed material. But if magnitude of degradation is a matter of
concern, additional variables have to be investigated thoroughly before any
prediction can be made concerning this factor. In other words, in addition
to gradation, the magnitude of degradation in a degradation process is dependent
upon compactive effort, shape of particles, and type of rock even though these
factors do not affect its pattern. For example, a change of gradation will
not eliminate production of a certain size of particles when particles of
larger size than this size are produced. The change in gradation will reduce
or increase each size in such a proportion that the final gradation of each
fraction will follow a smooth curve approaching a parabolic one. However, this
change of gradation will change the magnitude of degradation, because the
magnitude of degradation depends on energy consumed for breakage. So any factor
affecting the breakage energy will affect the magnitude of degradation. For
example, higher compactive effort corresponds to higher breakage energy and
thus has to result in higher degradation. But the pattern of degradation is
not energy dependent and can be considered as a constant c
Since, for any original gradation, the pattern of degradation is constant,
and it is only the magnitude of degradation which varies with other factors,
we can deduce that the effects of degradation on the properties of a given
24
bituminous mixture have to be due to the magnitude of degradation. Therefore
in the detailed study which follows only the magnitude of degradation has been
considered, and attempts are made to find which factors are more effective in
reducing the magnitude of degradation and what protective measures can be
taken against degradation of aggregate in bituminous mixtures.
Effect of Mixture and Compaction Variables
In this portion of the investigation, the magnitude of degradation,
measured by percent increase in surface area, was determined for the three
types of aggregate, dolomite, limestone, and quart zite. Three gradations,
grading 0, grading B, and grading F, were used. Compactive effort applied
by the gyratory compactor was changed both in ram pressure and number of
revolutions. For this purpose 450 specimens were formed and tested, the
asphalt was extracted, and a sieve analysis made on the dry aggregate from
which the percent increase in surface area for each specimen was calculated.
Tables 14, 15 and 16 present data for the percent increase in surface
area for each of the three kinds of aggregate. Each value is for a specimen
whose original gradation, percent asphalt, and effort used in testing it can be
read from the table. Similar data for specimens made of rounded quartzite are
given in Table 17.
Ram Pressure and Number of Revolutions
Figure 13 illustrates the percent increase in surface area versus number
of revolutions for specimens made of limestone with zero and 4 percent asphalt.
All specimens were made of grading 0. The ram pressures are indicated on each
curve. This figure shows that degradation increases very rapidly in the first
part of the test and then continues to increase at a decreasing rate until
25
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about 250 revolutions after which the rate of increase remains constant in each
case. It can also be noticed that as ram pressure increases the degradation
in the first few revolutions increases drastically. For a ram pressure of
250 psi, almost 70 percent of the degradation that occurred at 1000 revolutions
had occurred in the first hundred revolutions, while at 50 psi ram pressure
only 50 percent of the degradation had occurred in the first hundred revolutions.
Figures 14 and 15 show degradation versus ram pressure for specimens
made of limestone with zero and 4 percent asphalt, In this case the results
for all three gradings are shown „ Degradation on the ordinate is plotted on
a log scale, while ram pressure on the abscissa is plotted to an arithmetic
scale. Gradation designations of original mixtures are shown at the left side
of the curves. These figures indicate that degradation increases both with
increase in ram pressure and increase in number of revolutions. This means that
degradation increases with increase in compactive effort.
In Figures 16 and 17 degradation is plotted versus number of revolutions,.
Each curve is for a single ram pressure as indicated on the curve. In these
figures degradation for each gradation is plotted on different scales, and
from left to right the results are for gradings 0, B, and F, respectively.
These figures also indicate that as compactive effort increases degradation also
increases.
It can be seen that when ram pressure was kept constant and compactive
effort was increased only by the number of revolutions, the increase in degradation
depended on type of aggregate and gradation of aggregate. The softer and weaker
the aggregate (higher Los Angeles value) the greater was the increase in degra-
dation caused by increase in number of revolutions, while the harder (lower
Los Angles value) the aggregate the less was the increase in degradation from
27
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FIG. 15 DEGRADATION VS RAM PRESSURE FOR
LIMESTONE-4% ASPHALT
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this cause. These figures also show that increase in degradation caused by-
increase in number of revolutions depends upon gradation. The slopes of curves
for open-graded mixtures are much steeper than those for dense-graded ones.
Type and Gradation of Aggregate
Even more pronounced than the effect of compactive effort is the effect
of the original gradation of the mixture on the degradation of aggregate. It
can be noted from Figures 14 and 15 that as gradation becomes more dense,
degradation decreases,, Open-graded mixtures which contain only the four top
sizes of aggregate produced the highest degradation for all three kinds of
aggregate, at all compactive levels, and for all asphalt contents. At the same
time, grading F which corresponds to Fuller's gradation for maximum density
gave the lowest values of degradation under the same conditions. Although it
isn't at once apparent because a log scale has been used to plot degradation,
it should be noted that open-graded mixtures experienced some twenty times
more degradation than dense-graded mixtures under the same conditions.
Figures 16 and 17 indicate that the amount of degradation also depends
on kind of aggregate. The softer and weaker (higher Los Angeles value) the
aggregate the more the degradation. The curves for dolomite always lie above
the curves for the other two kinds of aggregate. However, the effect of aggre-
gate softness and strength on degradation also depends on gradation of the
mixtures e For example, in Figure 16, the change in degradation due to kind
of aggregate is a matter of a few hundred percent for the case of the open-
graded mixtures, while for the dense-graded mixtures this change is around
50 percent at most.
Cognizance of the scale of degradation for each gradation in Figures
16 and 17 makes one aware that original gradation of aggregate has a very
32
pronounced effect on magnitude of degradation. Degradation for open-graded
mixtures (grading 0) ranges from 100 percent to 1400 percent depending on
the type of aggregate and compactive effort, while for dense-graded mixtures
(grading F) this range is between 5 and 40 percent, or only about l/20 to
l/35 pf the values obtained for open-graded mixtures. This indicates that
the original aggregate gradation is the most important factor in degradation,
because the results indicate that changes in compactive effort, changes
in kind of aggregate, or changes in aggregate shape (as discussed later),
did not produce as much change in degradation as changes in original gradation.
This point can easily be related to the previous finding with regard to
mechanism of degradation. In a previous section it was said that magnitude
of degradation cepends on distribution and magnitude of forces applied to the
specimen. When a dense mixture is used the number of contact points is
numerous and any applied force will be distributed to many more points in much
less intensity than for more open mixtures, which in turn produces much less
breakage. In open mixtures the number of contact points are few, and particles
are subjected to much higher contact pressures, which in turn causes much
more breakage than in dense-graded mixtures.
Asphalt Content
Figure 18 illustrates the effect of change in asphalt content on degra-
dation for the three gradings of limestone aggregate. This figure, as well as
the results for the other two kinds of aggregate, indicates that depending on
compactive effort, kind of aggregate, and gradation of aggregate there is in
general an asphalt content for which the degradation is minimum. The results
also indicate that asphalt content is not an independent variable with respect
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gradation. For an independent factor, such as kind of aggregate, it could be
said that when aggregates become softer and weaker the degradation increases
regardless of other variables, but for the asphalt content variable there is
no such trend.
This result may be viewed with respect to the role of asphalt in the
mechanism of degradation. It was found that magnitude of degradation depends
on distribution of load and intensity of contact pressure. Considering asphalt
as a viscous material which covers the particles, its effect on degradation
may be influenced by the effect of its viscosity on magnitude of contact pressure,
Also, for a particular arrangement of particles and a particular condition
of load the asphalt may help the particles to rotate and slip over each other.
Rotation and slippage of particles will increase the probability of wear of
corners of particles and will also increase the probability of obtaining a
denser mixture. If these effects result in an increase in contact pressure,
degradation will increase, but if the effect is to reduce contact pressure,
degradation will be decreased. Since these effects of asphalt change as the
specimen undergoes densification, the net result is a complex one in which no
definite pattern for effect of asphalt on degradation is apparent.
Aggregate Shape
In order to investigate the effect of aggregate shape on degradation, a
limited number of tests were performed on specimens made of rounded pieces
of quartzite. Table 17 contains the percent increase in surface area for
such specimens. The same gradings (0, B, and F) as used before were used in
this part of the study„ The levels of compactive effort used were 100, 200,
and 250 psi ram pressure, and 30, 100, and 250 revolutions. Eighteen speci-
mens of each grading were tested, half of them without asphalt and the other
35
half with 4 percent asphalt. Therefore, a total of 54 specimens were used.
Figure 19 presents the results obtained from specimens with 4 percent
asphalt. The degradation of rounded and angular quart zite are compared.
This figure shows that curves for rounded aggregate lie below those
for the angular material. Also, both the flatness and spacing of the curves
for rounded pieces are less than those for angular ones, indicating that
increase in compactive effort produces less degradation in the case of rounded
aggregate regardless of whether the increase is due to pressure or number of
revolutions. The cause of this phenomena can be attributed to the reduc-
tion, in the case of rounded aggregate, of that part of degradation which
is due to wear rather than breakage. V.ear phenomenon occurs due to the rounding
off of corners of particles when they rotate or slip over each other.
Breakage occurs when the contact pressure between two particles exceeds their
strength, resulting in fracture or splitting. Theoretically, by using rounded
particles we should be able to eliminate that portion of degradation due
to wear. Practically, however, we can only reduce this portion rather than
eliminate it, because when particles start to break, the newly produced
pieces are no longer rounded and wear starts to occur.
This reasoning leads to the conclusion that the major part of the
difference between degradation of rounded and angular particles can be considered
as reduction of wear. Figure 19 shows that the rounded aggregate experienced
almost 50 percent less degradation than the angular one, which then can be
considered as almost 50 percent less wear. This reduction of degradation due
to the shape of particles should decrease as softer material is used, because
in soft aggregates probability of breakage is high and, thus, after few
applications of load, the amount of angular pieces should increase and wear
start o This was one reason that in this portion of the study the quartzite
which had the lowest Los imgeles value was used.
36
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Degradation Versus Los Angeles Value
In order to see whether there is any relationship between the Los
Angeles value and degradation of aggregate, degradation values were plotted
versus the Los Angeles values for the three kinds of aggregate used in this
investigation. Among the three gradings used for the Los Angeles test
(Table l), grading C was used to determine the correlation between Los Angeles
value and degradation merely because the maximum size of grading C is the
closest to the maximum size used in this investigation.
Figures 20, 21, and 22 show the results obtained from testing gradings
0, B, and F respectively. Each curve is for a certain number of revolutions
which can be read on the curve. The three points on each curve are the results
obtained from specimens made of the three kinds of aggregate tested under
equal efforts.
Figure 20 shows that as the Los Angeles value increases the degradation
value also increases, but the rate of increase is not constant, and the
relationships are not linear until the compactive effort is about 200 psi ram
pressure and 250 revolutions. Below this level of compactive effort the
Los Angeles machine produces more degradation for soft or weak aggregate than
the gyratory machine, while above 250 revolutionr oiore degradation is experienced
by the less resistant material in the gyratory compactor than in Los Angeles
machine because the curve for 500 revolutions is concave rather than convex.
Figure 21 shows that for grading B this linearity occurs somewhere between
200 psi ram pressure and 250 revolutions, and 200 psi ram pressure and 500
revolutions, while Figure 22 shows that such linearity was not reached for
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FIG. 20 DEGRADATION VS LOS ANGELES VALUE,























Los Angeles Value for Grading G
FIG 21 DEGRADATION VS LOS ANGELES VALUE,
GRADING B, 200 PSI
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The foregoing discussion indicates that, depending on gradation of the
aggregate, there is a certain level of compaction for which the plot of
degradation versus Los Angeles value of the aggregate is a straight line.
For compactive efforts higher than that, soft and weak aggregates experienced
more degradation in the gyratory machine than in the Los Angeles machine,
and for compactive efforts below that soft and weak materials experienced
more degradation in the Los Angeles machine. Therefore, as far as degradation
is concerned, depending on the gradation of the material, the Los Angeles
test corresponds only to a certain level of compaction. This level of
compaction, as can be seen in Figures 20, 21, and 22 increases as gradation
of material becomes more dense. Noting that these levels of compaction,
especially in dense-graded materials, are much higher than those the material
is normally subjected to in the field, imposes some doubts on the validity
of the Los Angeles test as a measure of quality of aggregate with respect to
degradation. This becomes especially apparent when it is noted that the
dolomite aggregate with a high Los Angeles value (Figures 16 and 17) when
tested in a Fuller gradation produced less than one-tenth of the degradation
under equal compactive effort of that produced by the low Los Angeles value
quartzite when tested in the open gradation.
It was mentioned before that degradation occurs due to two phenomena,
wear and breakage. Wear was considered responsible for that portion of
degradation which is caused by rotation and slippage of particles over each
other, while breakage was considered to occur when the contact pressure
exceeds the strength of the particle in a certain direction. Thus under
traffic compaction the particles either break or rotation wears off their
corners,, In either case the result is production of particles of smaller
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sizes. These two actions, rotation and breakage will result in a denser packing,
thus producing a mat whose particles have more contact points and less chance
for rotation. This reduces the rate of degradation under further compaction.
But in the Los Angeles rattler test the particles do not experience this dense
packing or cushioning effect which occurs in a road mat and consequently the
material is subjected to a more severe degradation condition than actually
exists in the field.
Petrographic analysis
A comparison of petrographic analysis (Table 2) with degradation and
Los Angeles values of the materials reveals that nature of grain boundaries,
cementation, and percent of voids influence the resistance of aggregates to
degradation. Good interlocking between the grains present in limestone,
results in a low Los Angeles value and low degradation. Loose interlocking,
present in dolomite, results in a high Los Angeles value and high degradation.
In quartzite strength is due to silica cementation^ which results in a compara-
tively strong and resistant rock. If the material had not been highly
stressed, this strong cementation would have resulted in a very low Los Angeles
value. But the directional weakness due to cracking and fracturing makes the
material susceptible to impact breakage, which may be the reason for its high
Los Angeles value as compared to the nature of its cementation. The results
also show that degradation increases as percent voids of the material increases.
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CONCLUSIONS
The results obtained from this study appear to justify the following
conclusions. It should be realized that they are specifically applicable
only to the particular kinds of aggregate used in this study. Furthermore,
it should be noted that all the tests were performed in the laboratory,
and there exists no field correlation study to specifically evaluate the
field behavior of the materials. Also, it has to be noted that all con-
clusions and recommendations deal with degradation characteristics of
mineral aggregate. Protective measures suggested in this study are made
only with respect to the reduction of aggregate degradation without con-
sidering their effects on other properties of mixtures.
1. Vnithin the range of the materials and procedures used in this
study, there appears to be a unique pattern for degradation of
each aggregate fraction of a bituminous mixture. This pattern
does not vary with kind of aggregate, compactive effort,
presence of asphalt, or original gradation of the mixture.
2. The magnitude of degradation of a bituminous mixture, as measured
by percent increase in aggregate surface area, depends on the fol-
lowing factors; kind of aggregate, gradation of the aggregate,
compactive effort, and shape of particles. The effect of asphalt
on the magnitude of degradation is dependent on other factors
and cannot be considered as an independent variable.
3. Physical characteristics of the aggregate, as reflected by its
Los Angeles value or by petrographic analysis, has a dominant
effect on degradation. Mineral aggregates with low Los Angeles
values will produce less degradation than those with high Los
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Angeles values. Rocks with good interlocking or cementation
between grains are more resistant to degradation than others.
4. From the results of tests on mixtures ranging in gradation from
open to dense, tested with compactive efforts ranging from low
to high, it can be concluded that some aggregates having a
Los Angeles loss greater than the minimum commonly specified
may, from the standpoint of degradation, be satisfactory
materials especially if used in dense gradings subjected to
low compactive effort.
5. Gradation of the mixture is the most important factor controlling
degradation, as the gradation becomes more dense, degradation
decreases. The magnitude of this decrease is much greater than
that brought about by changes in other variables. Soft or weak
materials with high Los Angeles values can produce much less
degradation than hard and strong materials if the former are
used in dense-graded mixtures and the latter in open mixtures.
Therefore, from a degradation point of view, dense-graded
mixtures offer the best use of local aggregates with high
Los Angeles values.
6. Increase in compactive effort results in increase in degradation
of the mixture regardless of the form of this increase in effort,
but degradation is more susceptible to change in magnitude of
load than to change in repetition of load. The rate of change
in degradation is high during the initial part of the appli-
cation of compactive effort, and thereafter becomes less as
the compactive effort is increased.
k5
7. When the degradation of rounded particles is compared with that
of angular particles of the same kind of aggregate, the rounded
aggregate can be expected to produce less degradation because
of a reduction of that portion of degradation which is due to
wear. Use of rounded material will be helpful in reduction of
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#TABLE 1
RESULTS OF LOS ANGELES ABRASION
AND COMPRESSIVE STRENGTH TESTS*
Los Angeles Abrasion
Grading *"> :~
Type of Aggregate A B.
Dolomite 40.0 41.0 33.0
Limestone 26.7 25.0 27.5









* Each value is the average of three tests
** According to aSTH Method C 131
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RESULTS OF TESTS ON ASPHaLT CEMEWT
Specific Gravity, 77/77°F 1.032
Softening Point, Ring and Ball, °F 114.0
Ductility, 77°F, cm. 200 +
Penetration, 100 grams, 5 sec, 77°F 90
Penetration, 100 grams, 5 sec, 32°F 20







Fraction of Material Factor











Note: Assumed sp,, gr„ = 2,65. For values other
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Grad ing Grading B Grading F
Rev.
% AS phalt % Asphalt % asphalt
PSI 4 4 4
100
30
100
250
67.8
116.0
138.0
82.9
110.0
7.2
14.0
19.0
10.8
16.5
20.5
1.0
1.9
4.2
0.7
3.2
6.0
200
30
100
250
114.0
178.0
212.0
142.4
173.4
198.0
12.2
21.5
28.0
20.0
23.5
28.5
2.6
4.8
7.7
2.5
5.5
8.0
250
30
100
250
128.0
185.0
231.0
175.0
215.0
250.0
13.3
23.0
29.0
23.3
27.5
32.0
2.9
5.7
8.6
4.5
6.2
9.0


